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Technical Field 

5 [0001] The present invention relates to a production process for a complex oxide containing titanium oxide obtained 
by a vapor phase method. More specifically, the present invention relates to a complex oxide containing titanium oxide 
starting from titanium tetrachloride and a solution or slurry of a salt containing a metallic element, and also relates to 
a process for producing the complex oxide and a composition containing the complex oxide. 

10 Background Art 

[0002] The industrial field where ultrafine particulate titanium oxide is applied is recently expanding. For example, 
studies are being made on uses over a wide range such as starting material for high-performance dielectric, ultraviolet- 
shielding material, additive to silicone rubber and photocatalytic material. 
*5 [0003] Use as a starting material for Perovskite-type dielectric is described below. 

[0004] As shown in the foilowing reaction formula, titanium oxide is subjected to a solid phase reaction with barium 
carbonate at a temperature of about 1 ,200°C to produce a barium titanate dielectric material: 

20 BaC0 3 + Ti0 2 -> BaTi0 3 + C0 2 

[0005] In this case, barium carbonate decomposes at about 700°C to produce BaO having high ionicity and this BaO 
causes diffusion and solid solution into a Ti0 2 particle having a covalent bonding property to produce barium titanate. 
The particle size of barium titanate is decided by the crystal size of Ti0 2 at the time of reaction and therefore, the 

25 crystallinity : the particle size and the like of titanium oxide as a starting material are important. 

[0006] Also, to cope with the requirement for higher dielectric constant or smaller size of a ceramic capacitor, ultrafine 
particulate barium titanate is demanded and heretofore, investigations have been made for forming ultrafine particles 
of titanium oxide as a starting material The ultrafine particle is not clearly defined so far but, in general, indicates a 
fine particle having a primary particle size of about 0.1 ^.m or less. 

30 [0007] However, titanium oxide particles having a particle size of 0.1 |xm or less undertake vigorous growth in the 
vicinity of the above-described reaction temperature of 700°C and disadvantageously fail in contributing to the formation 
of ultrafine particulate barium titanate. Accordingly, titanium oxide suitable solving such a problem is being demanded. 
[0008] By taking notice of the photocatalytic activity, uses for the antifouling, sterilization or deodorization purpose, 
or by taking notice of the ultraviolet-shielding effect, uses for cosmetic materials are attracting an attention. These uses 

35 are supported by excellent safety, processability, functionality and durability of titanium oxide. 
[0009] Photocatalysis is described below. 

[0010] Titanium oxide has a property of absorbing an ultraviolet ray at a wavelength of about 400 nm or less and 
exciting an electron. An electron and a hole generated and reached the particle surface combine with oxygen or water 
to generate various radicals. These radicals mainly show an oxidation activity and decompose by oxidation substances 
40 adhering to the surface. This is a basic principle of photocatalysis. 

[0011] In order to enhance the photocatalytic activity, for example, the following methods are used. 

(1) To reduce particle size 

45 [0012] This is very effective for inhibiting recombination of an electron and a hole generated. 

(2) To enhance crystallinity 

[0013] This is effective for increasing the diffusion rate of an electron and a hole generated to the surface. 

50 

(3) To perform charge separation 

[001 4] An electron and a hole generated are subjected to charge separation and the yield thereof reaching the surface 
is increased. 

55 

(4) To control band gap 

[0015] The band gap is reduced (maximum absorption wavelength is increased) by adding trace impurities, whereby 
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use ratio of light, for example, sunlight can be elevated. 

[0016] Among these means, various additives are being studied for the purpose of (3) and (4) in recent years. 
[0017] In order to coat fine particulate titanium oxide having the above-described photocatalytic effect on a support, 
a method of coating a slurry obtained by mixing it with a binder on a support and then baking the coating at 600°C or 
5 more may be used. However, at this time, primary particles grow due to sintering, as a result, the catalytic activity 
disadvantageously decreases. 

[0018] Conventionally, in the production process of fine particulate composite oxide containing titanium oxide, a 
surface treatment by a liquid phase method is a representative process. However, this process has a problem in that 
a step of removing a solvent, namely, filtration and drying is necessary and moreover, in the case where the solvent 
io is water, the water works out to a binder and accelerates the coagulation and therefore, a step of strongly cracking or 
pulverizing the agglomerate is required. Furthermore, when an organic solvent is employed, a system for recovering 
the solvent is necessary and a cumbersome production process results. 

[0019] JP-A-1 1-228139 (the term "JP-A" as used herein means an "unexamined published Japanese patent appli- 
cation") discloses a technique of obtaining a composite powder material by atomizing and combusting an emulsion 
15 starting from an organic solvent/dispersant and an aqueous solution having dissolved therein a salt containing titanium 
oxide of BET 15 m 2 /g or more and a metallic element. This method is, however, disadvantageous in that the process 
takes a long time and a large amount of a flammable solvent is necessary for the combustion. 

Object of the Invention 

20 

[0020] By taking account of the above-described uses of fine particulate metal oxide, the object of the present in- 
vention is to provide a simple and easy process for producing ultrafine particulate complex oxide (sometimes also 
called "compound oxide") containing titanium oxide. The object of the present invention includes providing the complex 
oxide and a composition containing the complex oxide. 

25 

Summary of the Invention 

[0021] As a result of extensive investigations on conventional techniques, the present inventors have found that the 
above-described problems can be solved by producing an ultrafine particulate complex oxide having a BET specific 
30 surface area of 5 to 200 m 2 /g by a one-stage reaction, more specifically, in the vapor phase process for producing a 
complex oxide containing titanium oxide, by reacting a starting material gas containing titanium tetrachloride, an oxi- 
dizing gas, each gas being pre-heated at 700°C or more, and a solution or slurry of a salt containing a metallic element. 
[0022] That is, the present invention relates to a process for producing a complex oxide containing titanium oxide, 
the complex oxide containing titanium oxide obtained by the process and a composition containing the complex oxide. 

35 

(1 ) A process for producing ultrafine particulate complex oxide containing titanium oxide, comprising vapor-phase 
producing a complex oxide containing titanium oxide having a BET specific surface area of 5 to 200 m 2 /g, wherein 
a starting material gas containing titanium tetrachloride and an oxidizing gas, each gas being preheated to 700°C 
or more, are reacted with a solution or a slurry of a salt containing a metallic element. 
40 (2) The process for producing a complex oxide containing titanium oxide as described in 1 above, wherein the 

complex oxide contains a titanium-oxygen-metallic element bond. 

(3) The process for producing a complex oxide containing titanium oxide as described in 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing a transition metal element. 
45 (4) The process for producing a complex oxide containing titanium oxide as described in 1 or 2 above, wherein 

the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkaline earth metal. 

(5) The process for producing a complex oxide containing titanium oxide as described in 1 or 2, wherein the salt 
containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, a 

50 nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkali metal. 

(6) The process for producing a complex oxide containing titanium oxide as described in 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing a metal of Group 1Mb or IVb. 

(7) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 6 above, 
55 wherein the solvent of the solution or slurry having a boiling point of 40°C or more at an atmospheric pressure is 

used. 

(8) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 7 above, 
wherein the solution or slurry is fed at a position upstream from the point of initiating the reaction of the starting 
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material gas containing titanium tetrachloride with the oxidizing gas. 

(9) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 7 above* 
wherein the solution or slurry is fed between the point of initiating the reaction of the starting material gas containing 
titanium tetrachloride with the oxidizing gas and the position 200 mm downstream from the point. 
5 (10) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 9, wherein 

the solution or slurry is fed in the atomized state. 

(1 1 ) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 1 0 above, 
wherein the reaction is performed by feeding the starting material gas containing titanium tetrachloride and the 
oxidizing gas, each gas being preheated at 700°C or more, to a reaction tube each at a velocity of 1 0 m/sec or more. 
10 (12) The process for producing a complex oxide containing titanium oxide as described in 11 above, wherein the 

reaction is performed by allowing the starting material gas containing titanium tetrachloride and the oxidizing gas 
to stay in the reaction tube under a temperature condition such that the temperature within the reaction tube ex- 
ceeds 600°C, for a time period of 1 .0 second or less. 

(1 3) The process for producing a complex oxide containing titanium oxide as described in 1 1 or 1 2 above, wherein 
15 the average velocity of the starting material gas within the reaction tube is 5 m/sec or more. 

(14) The process for producing a complex oxide containing titanium oxide as described in any one of 11 to 13 
above, wherein a turbulence is generated upon feeding of the starting material gas containing titanium tetrachloride 
and the oxidizing gas, each gas being preheated, into the reaction tube. 

(15) The process for producing a complex oxide containing titanium oxide as described in any one of 11 to 14 
20 above, wherein the starting material gas containing titanium tetrachloride and the oxidizing gas are fed into the 

reaction tube through a coaxial parallel-flow nozzle and the inner tube of the coaxial parallel-flow nozzle has an 
inside diameter of 50 mm or less. 

(16) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 15, 
wherein as the starting material gas containing titanium tetrachloride, gaseous titanium tetrachloride and a gas 

25 containing 10 vol% or more of titanium tetrachloride diluted by an inert gas are used. 

(1 7) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 1 6 above, 
wherein the starting material gas containing titanium tetrachloride and the oxidizing gas each is preheated at . 
1,000°C or more. 

(1 8) An u Itraf in e particulate complex oxide containing titanium oxide, which is produced by the production process 
30 as described in any one of 1 to 17 above. 

(19) An ultrafine particulate complex oxide containing titanium oxide, which is an ultrafine particulate complex 
oxide having a BET specific surface area of 5 to 200 rr^/g. 

(20) An ultrafine particulate complex oxide containing titanium oxide as described in 19, which is in the mixed 
crystal state of allowing a titanium-oxygen-metallic element bond to be present within a primary particle. 

35 (21) An ultrafine particulate complex oxide containing titanium oxide as described in any one of 18 to 20 above, 

wherein the average primary particle size is from 0.008 to 0.3 jim. 

(22) An ultrafine particulate complex oxide containing titanium oxide as described in any one of 18 to 21 , wherein 
the decrease ratio of the BET specific surface area after heating at 700°C for 1 hour is 20% or less. 

(23) A composition comprising one ultrafine particulate complex oxide, which contains ultrafine particulate complex 
40 oxide containing titanium oxide as described in any one of 1 8 to 22 above. 

Brief Description of Drawing 

[0023] Fig. 1 is a schematic view roughly showing an example of the reaction tube with a coaxial parallel-flow nozzle 
45 suitably used in the present invention. 

Disclosure of the Invention 

[0024] The present invention is described in detail below. 

so [0025] The present invention relates to a production process of a complex oxide containing titanium oxide, charac- 
terized in that in a vapor phase method of. oxidizing mainly titanium tetrachloride with an oxidizing gas at a high tem- 
perature to produce an ultrafine particulate complex oxide containing titanium oxide, a starting material gas containing 
titanium tetrachloride, an oxidizing gas, each gas being preheated at 700°C or more, and a solution or slurry of a salt 
containing a metallic element are reacted and thereby, an ultrafine particulate complex oxide containing titanium oxide 

55 having a BET specific surface area of 5 to 200 m 2 /g can be produced by a one-stage reaction. 

[0026] In the process for producing an ultrafine particulate complex oxide containing titanium oxide of the present 
invention, the oxidizing gas is oxygen, water vapor or a mixed gas thereof. 

[0027] In the present invention, the starting material gas containing titanium tetrachloride and the oxidizing gas each 
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must be preheated at a temperature of at least 700°C or more, preferably 900°C or more, before the reaction. If the 
preheating temperature of the starting material gas containing titanium tetrachloride and the oxidizing gas is less than 
700°C ; the reactivity deteriorates in the reaction with a solution or slurry of a salt containing a metallic element, as a 
result, ultrafine particles are difficult to form and at the same time, the residual chlorine after dechlorinating increases. 

5 [0028] In the present invention, the starting material gas containing titanium tetrachloride and the oxidizing gas each 
is suitably fed into a reaction tube at a velocity of 10 m/sec or more, preferably 30 m/sec or more. These gases are 
preferably reacted to allow the gases to stay and react within the reaction tube under a high-temperature condition in 
excess of 600°C for 1 .0 second or less (hereinafter sometimes referred to as a "high-temperature residence time"). 
[0029] In particular, as a result of extensive investigations on the growing mechanism of particles in a gas phase 

10 method, the present inventors have found that ultrafine particulate oxide can be obtained preferably by controlling, as 
factors acting on the growth of particles, CVD (chemical vapor deposition) mechanism and the combining/sintering 
growth mechanism due to the collision of particles (by reducing the growing time in either growth). More specifically, 
in the former growth, the preheating temperature is elevated to enhance the chemical reactivity (reaction rate) and 
thereby, the growth of oxide can be suppressed. In the latter growth, after the completion of CVD, the system is swiftly 

15 subjected to cooling, dilution or the like to reduce the high -temperature residence time as much as possible, whereby 
the growth due to sintering or the like can be suppressed. By selecting the production conditions as such, an ultrafine 
particulate complex oxide containing titanium oxide, having a BET specific surface area of 5 to 200 m 2 /g, preferably 
from 1 0 to 1 00 m 2 /g, can be obtained. 

[0030] The velocity at the time of introducing the starting material gas containing titanium tetrachloride and the oxi- 
20 dizing gas into a reaction tube is preferably 10 m/sec or more, because by increasing the velocity, the mixing of two 
gases is accelerated. When the temperature at the introduction of gases into a reaction tube is 700°C or more, the 
reaction is completed simultaneously with the mixing and therefore, the generation of uniform nuclei is encouraged 
and at the same time, the zone of causing formation of particles grown under CVD control can be shortened. 
[0031] In the present invention, the starting material is preferably introduced into a reaction tube so that the gases 
25 introduced into the reaction tube can be thoroughly mixed. As long as the gases are thoroughly mixed, the fluid state 
of gases within the reaction tube is not particularly limited but, for example, a fluid state of causing turbulence is pre- 
ferred. A vortex flow may also be present. 

[0032] There is a method, for example, of increasing the velocity in order to introduce sufficiently the starting material 
gas mixed in a fluid state of causing turbulence or in a state of causing a vortex flow. Usually, a vortex flow occurs 

30 when the velocity is more than 30 m/sec. 

[0033] In the present invention, the starting material gas and an oxidizing gas fed into the reaction tube preferably 
flow at a higher rate so as to perform a complete mixing of the gases. Particularly, the average velocity is preferably 5 
m/sec or more. When the gases flow at a velocity of 5 m/sec or more within the reaction tube, the gases can be 
satisfactorily mixed within the reaction tube. 

35 [0034] The inlet nozzle for introducing the starting material gas into the reaction tube may be a nozzle of giving 
coaxial parallel flow, oblique flow, cross flow or the like but the present invention is not limited thereto. In general, the 
coaxial parallel-flow nozzle is inferior in the mixing degree to the nozzle of giving oblique flow or cross flow but is 
preferably used in view of the design because of its simple structure. For example, in the case of a coaxial parallel- 
flow nozzle, the starting material gas containing a titanium tetrachloride is introduced into the inner tube and the oxi- 

40 dizing gas is introduced into the outer tube. In view of the mixing of gases, the inner diameter is preferably 50 mm or 
less, more preferably from 1 0 to 50 mm. 

[0035] Salts containing a metallic element are reacted with the above mentioned starting material gas and an oxi- 
dizing gas in the present invention. 

[0036] A metallic element is elements shown in Table 1 . The metallic element is preferably a transition metallic ele- 
45 ment, an alkaline earth metal, an alkali metal element or a metal of Group 1 1 lb or IVb. 
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[0037] The salt containing a metallic element may be at least one freely selected from a hydroxide, a halide, a nitrate, 
a sulfate, a carbonate and an organic acid salt of the above-mentioned metal elements. 

[0038] The salt containing a metallic element may be fed into a reactor in the solution or slurry state but is preferably 
fed in the solution state. 

5 [0039] The solvent of a solution or a slurry is preferably a solvent having a boiling point of 40°C or more at an 
atmospheric pressure. Specific examples thereof include water, methanol, ethanol, propanol, 2-propanol, 1-butanol, 
2-butanol, acetone, methyl ethyl ketone, dibutyl ether, N,N-dimethylformamide, dimethyl sulfoxide, formic acid, acetic 
acid, ethyl acetate, benzene, toluene, hexane and octane. Among these, in view of polarity and handleability, water is 
preferred. If the boiling point is less than 40°C, the solvent may be evaporated within the feeding nozzle and this is not 

10 preferred. 

[0040] The solution or slurry may be fed at a position upstream from the point of initiating the reaction of the starting 
material gas containing titanium tetrachloride with the oxidizing gas or may be fed between the point of initiating the 
reaction of the starting material gas containing titanium tetrachloride with the oxidizing gas and the position 200 mm 
downstream from the point, according to the flowing direction. If the feeding point is more downstream, the additive 
15 distribution in the produced oxide disadvantageously becomes non-uniform. 

[0041] The solution or slurry may also be fed by the dropwise addition or atomization to the reaction mixture of the 
starting material gas containing titanium tetrachloride and the oxidizing gas. In view of uniform mixing, the solution or 
slurry is preferably fed in the atomized state. 

[0042] The reaction within the reaction tube is an exothermic reaction. If the reaction temperature is higher than the 
20 sintering temperature of the produced ultrafine particulate complex oxide containing titanium oxide, unless the produced 
fine particles are rapidly cooled, sintering thereof proceeds to give grown particles. The reaction temperature is also 
preferably 600°C or more. If the reaction temperature is less than this range, the reactivity is bad, the addition yield of 
metal is low and fine particles are difficult to form. In the present invention, it is preferred that the pre heating temperature 
of starting material gas and the amount of solution or slurry of the metal added are adjusted, the reaction temperature 
25 is set to 600°C or more, the high-temperature residence time in excess of 600°C within the reaction tube is set to 1 .0 
second or less, and the particles after the reaction are rapidly cooled. 

[0043] For rapidly cooling the particles after the reaction, a method of introducing a large amount of cooling air or 

gas such as nitrogen into the mixture after the reaction or a method of spraying water thereon may be used. 

[0044] Fig. 1 is a schematic view roughly showing an example of a reaction tube with a coaxial parallel-flow nozzle 

30 for use in the production of an ultrafine particulate composite oxide of the present invention. The starting material gas 
containing titanium tetrachloride is pre-heated to a predetermined temperature by a preheating unit 2 and introduced 
into the reaction tube 4 through the inner tube of a coaxial parallel-flow nozzle 1 . The oxidizing gas is preheated to a 
predetermined temperature by the preheating unit 2 and introduced into the reaction tube 4 through the outer tube of 
the coaxial parallel-flow nozzle 1 . The salt solution or slurry containing a metallic element is introduced into the reaction 

35 mixture of the titanium tetrachloride and the oxidizing gas from the outside of the nozzle through an inlet nozzle 3. The 
gases and the salt solution or slurry containing a metallic element introduced into the reaction tube are mixed, reacted, 
rapidly cooled by a cooling gas and thereafter, transferred to a bag filter 5 where the ultrafine particulate complex oxide 
is collected. A dechlorinating treatment was performed by heating the collected particles in an oven at 300 to 600 °C 
for a half an hour to 4 hours in an air atmosphere. 

40 [0045] The starting material gas containing titanium tetrachloride may be used in the form of a 100 vol% titanium 
tetrachloride gas as it is but is preferably charged after diluting it with an inert gas to a concentration of 10 to less than 
1 00 vol%, preferably from 20 to less than 1 00 vol%. By using a gas of 1 0 vol% or more as a starting material, generation 
of uniform nuclei increases and the reactivity is enhanced. The inert gas is selected from those which are not reactive 
with titanium tetrachloride and not oxidized. To speak specifically, the diluting gas is preferably nitrogen, argon or the 

45 like. 

[0046] The ultrafine particulate complex oxide obtained by the production process of the present invention is de- 
scribed below. The average primary particle size of the ultrafine particulate complex oxide of the present invention is 
from 0.008 to 0.3 p.m, preferably from 0.015 to 0.15 ^m. 

[0047] As an index (the evaluation method is described later) for sintering resistance of the ultrafine particulate 
50 complex oxide, the decrease ratio of BET specific surface area after the heating is evaluated, as a result, the decrease 
ratio of BET specific surface area of the fine particulate complex oxide containing a titanium -oxygen -metal bond is 
20% or less after the heating at 700°C for 1 hour. 

[0048] The ultrafine particulate complex oxide obtained by the production process of the present invention may take 
a core/shell structure preferably having a dissimilar metal oxide crystal structure. For example, in the case of a titanium- 
55 metal ultrafine particulate complex oxide containing a mixed crystal state where a titanium-oxygen-dissimilar metal 
bond is present within the primary particle, a structure such that a Ti0 2 phase is rich in the core and a dissimilar metal 
oxide phase is rich in the shell is observed. 

[0049] The ultrafine particulate complex oxide of the present invention can be singly used for a pigment or a dielectric 
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starting material or as a composition containing the complex oxide, used for various compositions and products such 
as cosmetic, cloth, ultraviolet-shielding agent, abrasive, silicon rubber or paper. The ultrafine particulate complex oxide 
of the present invention can also be used as a photocatalytic powder material controlled in the photocatalytic effect. 

5 Best Mode for Carrying Out The Invention 

[0050] The present invention is described in greater detail below by referring to the Examples, however, the present 
invention is not limited to these examples. 

10 [Evaluation of Sintering Resistance] 

[0051] The decrease ratio of BET specific surface area after heating is employed as an index for evaluating sintering 
resistance of the ultrafine particulate complex oxide of the present invention. 

[0052] In an alumina-made crucible, 1 g of a starting powder material was charged and in a Siliconit oven, heated 
15 at 700°C for 1 hour. After cooling to room temperature, the BET specific surface area was measured. Assuming that 
the BET specific surface area of the starting powder material is B1 (m 2 /g) and the BET specific surface area after the 
heating is B2 (m 2 /g), 

2Q Decrease ratio of BET specific surface area = 

{1-(B2/B1)}X100 (%) 

As the decrease ratio of BET specific surface area is smaller, the sintering resistance is judged higher. 

25 

(Evaluation of Mixed Crystal State) 

[0053] In the present invention, XPS (X-ray photoelectron spectroscopy) is employed for confirming the mixed crystal 
state. The details thereon are described in A. Yu. Stakheev et al., J. Phys. Chem. , 97(21), 5668-5672 (1993), and the 
30 like. 

Example 1 

[0054] A reaction tube shown in Fig. 1 whose inner tube of a coaxial parallel-flow nozzle had a diameter of 20 mm 
35 was used. 11.8 Nm 3 /hr (N means a standard state, hereinafter the same) of gaseous titanium tetrachloride in a con- 
centration of 1 00 vol% and a mixed gas containing 8 Nm 3 /hr of oxygen and 20 Nm 3 /hr of water vapor were preheated 
to 1 ,100°C and 1,000°C, respectively, and then titanium tetrachloride was introduced into the inner tube of a coaxial 
parallel-flow nozzle and a mixed gas containing oxygen and water vapor was introduced into the outertube at velocities 
of 53 m/sec and 50 m/sec, respectively At this time, 3.7 kg/hr of an aqueous 20% zirconium oxychloride solution was 
40 sprayed from the outer circumferential part of the coaxial parallel-flow nozzle. 

[0055] The inside velocity at a reaction temperature of 900°C within the reaction tube was 10 m/sec as calculated. 
For controlling the high-temperature residence time within the reaction tube to 0.8 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder materia! was collected using a 
Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
45 500°C for 1 hour in an air atmosphere. 

[0056] The thus-obtained titanium oxide had a BET specific surface area of 22 m 2 /g and an average primary particle 
size of 0.08 fim, and 0.8% of zirconium was detected. By XPS, a titanium-oxygen-zirconium bond was recognized. 
[0057] The decrease ratio of BET specific surface area (hereinafter referred to as AB) after 700°C for 1 hour heating 
was 12%. 

50 

Example 2 

[0058] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 20 mm, a starting material gas containing titanium tetrachloride obtained by mixing 1 0.6 Nm 3 /hr of gaseous titanium 
55 tetrachloride and 6.0 Nm 3 /hr of nitrogen and a mixed gas containing 8 Nm 3 /hr of oxygen and 30 Nm 3 /hr of water vapor 
were preheated to 1 ,100°Cand 1 ,100°C, respectively, and then the gas containing titanium tetrachloride was introduced 
into the inner tube of the coaxial parallel-flow nozzle and a mixed gas containing oxygen and water vapor was introduced 
into the outer tube at velocities of 74 m/sec and 66 m/sec, respectively. At this time, 7.1 kg/hr of an aqueous 20% 
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chromium trichloride solution was sprayed from the outer circumferential part of the coaxial parallel-flow nozzle. 
[0059] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
For controlling the high-temperature residence time within the reaction tube to 0.9 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
5 Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
500°C for 1 hour in an air atmosphere. 

[0060] The thus-obtained titanium oxide had a BET specific surface area of 34 m 2 /g and an average primary particle 
size of 0.04 u,m, and 1 .1% of chromium was detected. By XPS, a titanium-oxygen-chromium bond was recognized. 
The AB was 10%. 

10 

Example 3 

[0061] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 24 mm, a starting material gas containing titanium tetrachloride obtained by mixing 1 0.6 Nm 3 /hr of gaseous titanium 

15 tetrachloride and 1 0.0 Nm 3 /hr of nitrogen and a mixed gas containing 8 Nm 3 /hr of oxygen and 30 Nm 3 /hr of water 
vapor were preheated to 1,050°C and 1 ,100°C, respectively, and then the gas containing titanium tetrachloride was 
introduced into the inner tube of the coaxial parallel-flow nozzle and a mixed gas containing oxygen and water vapor 
was introduced into the outer tube at velocities of 64 m/sec and 36 m/sec, respectively. At this time, 6.5 kg/hr of an 
aqueous 20% magnesium nitrate solution was sprayed from the outer circumferential part of the coaxial parallel-flow 

20 nozzle. 

[0062] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
For controlling the high -temperature residence time within the reaction tube to 0.9 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
Teflon -made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
25 500°C for 1 hour in an air atmosphere. 

[0063] The thus-obtained titanium oxide had a BET specific surface area of 40 m 2 /g and an average primary particle 
size of 0.04 u,m, and 0.5% of magnesium was detected. By XPS, a titanium-oxygen-magnesium bond was recognized. 
The AB was 13%. 

30 Comparative Example 1 

[0064] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 20 mm, 1 1 .8 Nm 3 /hr of gaseous titanium tetrachloride in a concentration of 100 vol% and a mixed gas containing 8 
Nm 3 /hr of oxygen and 20 Nm 3 /hr of water vapor were preheated to 1 ,000°C and 900°C, respectively, and then gaseous 

35 titanium tetrachloride was introduced into the inner tube of the coaxial parallel-flow nozzle and a mixed gas containing 
oxygen and water vapor was introduced into the outer tube at velocities of 49 m/sec and 50 m/sec, respectively. 
[0065] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
For controlling the high-temperature residence time within the reaction tube to 0.8 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 

40 Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
500°C for 1 hour in an air atmosphere. 

[0066] The thus-obtained titanium oxide had a BET specific surface area of 20 m 2 /g and an average primary particle 
size of 0.08 ujti. The AB was 35% and this reveals that the sintering readily occurs as compared with the titanium oxide 
having similar specific surface area and particle size of Example 1. 

45 

Comparative Example 2 

[0067] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 20 mm, a starting material gas containing titanium tetrachloride obtained by mixing 1 0.6 Nm 3 /hr of gaseous titanium 
50 tetrachloride and 6.0 Nm 3 /hr of nitrogen and a mixed gas containing 8 Nm 3 /hr of oxygen and 30 Nm 3 /hr of water vapor 
were preheated to 1 ,000° C and 800° C, respectively, and then the gas containing titanium tetrachloride was introduced 
into the inner tube of the coaxial parallel-flow nozzle and a mixed gas containing oxygen and water vapor was introduced 
into the outer tube at velocities of 68 m/sec and 51 m/sec, respectively. 

[0068] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
55 For controlling the high-temperature residence time within the reaction tube to 0.9 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
500°C for 1 hour in an air atmosphere. 
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[0069] The thus-obtained titanium oxide had a BET specific surface area of 36 m 2 /g and an average primary particle 
size of 0.04 ujti. The AB was 39% and this reveals that sintering readily occurs as compared with the titanium oxide 
having similar specific surface area and particle size of Example 2. 

s Industrial Applicability 

[0070] According to the present invention, the starting material gas containing titanium tetrachloride and the oxidizing 
gas are each pre-heated to 700°C or more and reacted with a solution or slurry of a salt containing a metallic element, 
whereby an ultrafine particulate complex oxide containing titanium oxide having excellent sintering resistance and a 
10 BET specific surface area of 5 to 200 m 2 /g and containing primary particles in a mixed crystal state can be obtained 
by a one-stage reaction. 

[0071] According to the production process of the present invention, the cracking step and the like can be dispensed 
with or even if required, the load of equipment is very small, thus, practically valuable ultrafine particulate complex 
oxide containing titanium oxide can be produced very easy and simple and industrially advantageously Furthermore, 
75 according to the method of the present invention, the ultrafine particulate complex oxide whose sintering property or 
photoactivity are suppressed or controlled can be obtained. 



Claims 

20 

1. A process for producing ultrafine particulate complex oxide containing titanium oxide, comprising vapor-phase 
producing a complex oxide containing titanium oxide having a BET specific surface area of 5 to 200 m 2 /g, wherein 
a starting material gas containing titanium tetrachloride and an oxidizing gas, each gas being preheated to 700°C 
or more, are reacted with a solution or a slurry of a salt containing a metallic element. 

25 

2. The process for producing a complex oxide containing titanium oxide as described in claim 1 above, wherein the 
complex oxide contains a titanium-oxide-metallic element bond. 

3. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2 above, wherein 
30 the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 

a nitrate, a sulfate, a carbonate and an organic acid salt each containing a transition metallic element. 

4. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 

35 a nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkaline earth metal. 

5. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2, wherein the salt 
containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, a 
nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkali metal. 

40 

6. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing a metal of Group Nib or IVb. 

45 7. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 6 
above, wherein the solvent of the solution or slurry having a boiling point of 40°C or more at an atmospheric 
pressure is used. 

8. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 7 
50 above, wherein the solution or slurry is fed at a position upstream from the point of initiating the reaction of the 

starting material gas containing titanium tetrachloride with the oxidizing gas. 

9. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 7 
above, wherein the solution or slurry is fed between the point of initiating the reaction of the starting material gas 

55 containing titanium tetrachloride with the oxidizing gas and the position 200 mm downstream from the point. 

10. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 9, 
wherein the solution or slurry is fed in the atomized state. 
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11. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 10 
above, wherein the reaction is performed by feeding the starting material gas containing titanium tetrachloride and 
the oxidizing gas ; each gas being preheated at 700°C or more ; to a reaction tube each at a velocity of 10 m/sec 
or more. 

5 

12. The process for producing a complex oxide containing titanium oxide as described in claim 1 1 above, wherein the 
reaction is performed by allowing the starting material gas containing titanium tetrachloride and the oxidizing gas 
to stay in the reaction tube under a temperature condition such that the temperature within the reaction tube ex- 
ceeds 600°C, for a time period of 1 .0 second or less. 

10 

13. The process for producing a complex oxide containing titanium oxide as described in claim 11 or 12 above, wherein 
the average velocity of the starting material gas within the reaction tube is 5 m/sec or more. 

14. The process for producing a complex oxide containing titanium oxide as described in any one of claim 11 to 13 
15 above, wherein a turbulence is generated upon feeding of the starting material gas containing titanium tetrachloride 

and the oxidizing gas, each gas being preheated, into the reaction tube. 

15. The process for producing a complex oxide containing titanium oxide as described in any one of claims 11 to 14 
above, wherein the starting material gas containing titanium tetrachloride and the oxidizing gas are fed into the 

20 reaction tube through a coaxial parallel-flow nozzle and the inner tube of the coaxial parallel-flow nozzle has an 

inside diameter of 50 mm or less. 

16. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 15, 
wherein as the starting material gas containing titanium tetrachloride, gaseous titanium tetrachloride and a gas 

25 containing 10 vol% or more of titanium tetrachloride diluted by an inert gas are used. 

17. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 16 - 
above, wherein the starting material gas containing titanium tetrachloride and the oxidizing gas each is preheated 
at 1 ,000°C or more. 

30 

18. An ultrafine particulate complex oxide containing titanium oxide, which is produced by the production process as 
described in any one of claims 1 to 17 above. 

19. An ultrafine particulate complex oxide containing titanium oxide, which is an ultrafine particulate complex oxide 
35 having a BET specific surface area of 5 to 200 m 2 /g. 

20. An ultrafine particulate complex oxide containing titanium oxide as described in claim 19, which is in the mixed 
crystal state of allowing a titanium-oxide-metallic element bond to be present within a primary particle. 

40 21. An ultrafine particulate complex oxide containing titanium oxide as described in any one of claims 1 8 to 20 above, 
wherein the average primary particle size is from 0.008 to 0.3 u,m. 

22. An ultrafine particulate complex oxide containing titanium oxide as described in any one of claims 1 8 to 21 , wherein 
the decrease ratio of the BET specific surface area after heating at 700°C for 1 hour is 20% or less. 

45 

23. A composition comprising one ultrafine particulate complex oxide, which contains ultrafine particulate complex 
oxide containing titanium oxide as described in any one of claims 1 8 to 22 above. 
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Description 

Technical Field 

5 [0001] The present invention relates to a production process for a complex oxide containing titanium oxide obtained 
by a vapor phase method. More specifically, the present invention relates to a complex oxide containing titanium oxide 
starting from titanium tetrachloride and a solution or slurry of a salt containing a metallic element, and also relates to 
a process for producing the complex oxide and a composition containing the complex oxide. 

10 Background Art 

[0002] The industrial field where ultrafine particulate titanium oxide is applied is recently expanding. For example, 
studies are being made on uses over a wide range such as starting material for high-performance dielectric, ultraviolet- 
shielding material, additive to silicone rubber and photocatalytic material. 
15 [0003] Use as a starting material for Perovskite-type dielectric is described below. 

[0004] As shown in the following reaction formula, titanium oxide is subjected to a solid phase reaction with barium 
carbonate at a temperature of about 1 ,200°C to produce a barium titanate dielectric material: 

20 BaC0 3 + Ti0 2 -> BaTi0 3 + C0 2 

[0005] in this case, barium carbonate decomposes at about 700°C to produce BaO having high ionicity and this BaO 
causes diffusion and solid solution into a Ti0 2 particle having a covalent bonding property to produce barium titanate. 
The particle size of barium titanate is decided by the crystal size of Ti0 2 at the time of reaction and therefore, the 

25 crystal! inity : the particle size and the like of titanium oxide as a starting material are important. 

[0006] Also, to cope with the requirement for higher dielectric constant or smaller size of a ceramic capacitor, ultrafine 
particulate barium titanate is demanded and heretofore, investigations have been made for forming ultrafine particles 
of titanium oxide as a starting material. The ultrafine particle is not clearly defined so far but, in general, indicates a 
fine particle having a primary particle size of about 0.1 ujti or less. 

30 [0007] However, titanium oxide particles having a particle size of 0.1 u,m or less undertake vigorous growth in the 
vicinity of the above-described reaction temperature of 700°C and disadvantageously fail in contributing to the formation 
of ultrafine particulate barium titanate. Accordingly, titanium oxide suitable solving such a problem is being demanded. 
[0008] By taking notice of the photocatalytic activity, uses for the antifouling, sterilization or deodorization purpose, 
or by taking notice of the ultraviolet-shielding effect, uses for cosmetic materials are attracting an attention. These uses 

35 are supported by excellent safety, processability, functionality and durability of titanium oxide. 
[0009] Photocatalysis is described below. 

[0010] Titanium oxide has a property of absorbing an ultraviolet ray at a wavelength of about 400 nm or less and 
exciting an electron. An electron and a hole generated and reached the particle surface combine with oxygen or water 
to generate various radicals. These radicals mainly show an oxidation activity and decompose by oxidation substances 
40 adhering to the surface. This is a basic principle of photocatalysis. 

[0011] In order to enhance the photocatalytic activity, for example, the following methods are used. 

(1) To reduce particle size 

45 [0012] This is very effective for inhibiting recombination of an electron and a hole generated. 

(2) To enhance crystallinity 

[0013] This is effective for increasing the diffusion rate of an electron and a hole generated to the surface. 

50 

(3) To perform charge separation 

[001 4] An electron and a hole generated are subjected to charge separation and the yield thereof reaching the surface 
is increased. 

55 

(4) To control band gap 

[0015] The band gap is reduced (maximum absorption wavelength is increased) by adding trace impurities, whereby 
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use ratio of light, for example, sunlight can be elevated. 

[0016] Among these means, various additives are being studied for the purpose of (3) and (4) in recent years. 
[001 7] In order to coat fine particulate titanium oxide having the above-described photocatalytic effect on a support, 
a method of coating a slurry obtained by mixing it with a binder on a support and then baking the coating at 600°C or 
5 more may be used. However, at this time, primary particles grow due to sintering, as a result, the catalytic activity 
disadvantageously decreases. 

[0018] Conventionally, in the production process of fine particulate composite oxide containing titanium oxide, a 
surface treatment by a liquid phase method is a representative process. However, this process has a problem in that 
a step of removing a solvent, namely, filtration and drying is necessary and moreover, in the case where the solvent 
10 is water, the water works out to a binder and accelerates the coagulation and therefore, a step of strongly cracking or 
pulverizing the agglomerate is required. Furthermore, when an organic solvent is employed, a system for recovering 
the solvent is necessary and a cumbersome production process results. 

[0019] JP-A-11-228139 (the term "JP-A" as used herein means an "unexamined published Japanese patent appli- 
cation") discloses a technique of obtaining a composite powder material by atomizing and combusting an emulsion 
15 starting from an organic solvent/dispersant and an aqueous solution having dissolved therein a salt containing titanium 
oxide of BET 15 m 2 /g or more and a metallic element. This method is, however, disadvantageous in that the process 
takes a long time and a large amount of a flammable solvent is necessary for the combustion. 

Object of the Invention 

20 

[0020] By taking account of the above-described uses of fine particulate metal oxide, the object of the present in- 
vention is to provide a simple and easy process for producing ultrafine particulate complex oxide (sometimes also 
called "compound oxide") containing titanium oxide. The object of the present invention includes providing the complex 
oxide and a composition containing the complex oxide. 

25 

Summary of the Invention 

[0021] As a result of extensive investigations on conventional techniques, the present inventors have found that the 
above-described problems can be solved by producing an ultrafine particulate complex oxide having a BET specific 
30 surface area of 5 to 200 m 2 /g by a one-stage reaction, more specifically, in the vapor phase process for producing a 
complex oxide containing titanium oxide, by reacting a starting material gas containing titanium tetrachloride, an oxi- 
dizing gas, each gas being pre-heated at 700°C or more, and a solution or slurry of a salt containing a metallic element. 
[0022] That is, the present invention relates to a process for producing a complex oxide containing titanium oxide, 
the complex oxide containing titanium oxide obtained by the process and a composition containing the complex oxide. 

35 

(1) A process for producing ultrafine particulate complex oxide containing titanium oxide, comprising vapor-phase 
producing a complex oxide containing titanium oxide having a BET specific surface area of 5 to 200 m 2 /g, wherein 
a starting material gas containing titanium tetrachloride and an oxidizing gas, each gas being preheated to 700°C 
or more, are reacted with a solution or a slurry of a salt containing a metallic element. 

(2) The process for producing a complex oxide containing titanium oxide as described in 1 above, wherein the 
complex oxide contains a titanium-oxygen-metallic element bond. 

(3) The process for producing a complex oxide containing titanium oxide as described in 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing a transition metal element. 

^5 (4) The process for producing a complex oxide containing titanium oxide as described in 1 or 2 above, wherein 

the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkaline earth metal. 

(5) The process for producing a complex oxide containing titanium oxide as described in 1 or 2, wherein the salt 
containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, a 

50 nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkali metal. 

(6) The process for producing a complex oxide containing titanium oxide as described in 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing a metal of Group I lib or IVb. 

(7) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 6 above, 
55 wherein the solvent of the solution or slurry having a boiling point of 40°C or more at an atmospheric pressure is 

used. 

(8) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 7 above, 
wherein the solution or slurry is fed at a position upstream from the point of initiating the reaction of the starting 
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material gas containing titanium tetrachloride with the oxidizing gas. 

(9) The process for producing a'complex oxide containing titanium oxide as described in any one of 1 to 7 above, 
wherein the solution or slurry is fed between the point of initiating the reaction of the starting material gas containing 
titanium tetrachloride with the oxidizing gas and the position 200 mm downstream from the point. 
5 (10) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 9 , wherein 

the solution or slurry is fed in the atomized state. 

(11) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 1 0 above, 
wherein the reaction is performed by feeding the starting material gas containing titanium tetrachloride and the 
oxidizing gas, each gas being preheated at 700°C or more, to a reaction tube each at a velocity of 1 0 m/sec or more. 
10 (12) The process for producing a complex oxide containing titanium oxide as described in 11 above, wherein the 

reaction is performed by allowing the starting material gas containing titanium tetrachloride and the oxidizing gas 
to stay in the reaction tube under a temperature condition such that the temperature within the reaction tube ex- 
ceeds 600°C, for a time period of 1 .0 second or less. 

(13) The process for producing a complex oxide containing titanium oxide as described in 11 or 12 above, wherein 
15 the average velocity of the starting material gas within the reaction tube is 5 m/sec or more. 

(14) The process for producing a complex oxide containing titanium oxide as described in any one of 11 to 13 
above, wherein a turbulence is generated upon feeding of the starting material gas containing titanium tetrachloride 
and the oxidizing gas, each gas being preheated, into the reaction tube. 

(15) The process for producing a complex oxide containing titanium oxide as described in any one of 11 to 14 
20 above, wherein the starting material gas containing titanium tetrachloride and the oxidizing gas are fed into the 

reaction tube through a coaxial parallel-flow nozzle and the inner tube of the coaxial parallel-flow nozzle has an 
inside diameter of 50 mm or less. 

(16) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 15, 
wherein as the starting material gas containing titanium tetrachloride, gaseous titanium tetrachloride and a gas 

25 containing 1 0 vol% or more of titanium tetrachloride diluted by an inert gas are used. 

(1 7) The process for producing a complex oxide containing titanium oxide as described in any one of 1 to 1 6 above, 
wherein the starting material gas containing titanium tetrachloride and the oxidizing gas each is preheated at . 
1 ,000°C or more. 

(1 8) An ultrafine particulate complex oxide containing titanium oxide, which is produced by the production process 
30 as described in any one of 1 to 1 7 above. 

(19) An ultrafine particulate complex oxide containing titanium oxide, which is an ultrafine particulate complex 
oxide having a BET specific surface area of 5 to 200 m 2 /g. 

(20) An ultrafine particulate complex oxide containing titanium oxide as described in 19, which is in the mixed 
crystal state of allowing a titanium-oxygen-metallic element bond to be present within a primary particle. 

35 (21) An ultrafine particulate complex oxide containing titanium oxide as described in any one of 18 to 20 above, 

wherein the average primary particle size is from 0.008 to 0.3 um. 

(22) An ultrafine particulate complex oxide containing titanium oxide as described in any one of 18 to 21 , wherein 
the decrease ratio of the BET specific surface area after heating at 700°C for 1 hour is 20% or less. 

(23) A composition comprising one ultrafine particulate complex oxide, which contains ultrafine particulate complex 
40 oxide containing titanium oxide as described in any one of 1 8 to 22 above. 

Brief Description of Drawing 

[0023] Fig. 1 is a schematic view roughly showing an example of the reaction tube with a coaxial parallel-flow nozzle 
45 suitably used in the present invention. 

Disclosure of the Invention 

[0024] The present invention is described in detail below. 

50 [0025] The present invention relates to a production process of a complex oxide containing titanium oxide, charac- 
terized in that in a vapor phase method of. oxidizing mainly titanium tetrachloride with an oxidizing gas at a high tem- 
perature to produce an ultrafine particulate complex oxide containing titanium oxide, a starting material gas containing 
titanium tetrachloride, an oxidizing gas, each gas being preheated at 700°C or more, and a solution or slurry of a salt 
containing a metallic element are reacted and thereby, an ultrafine particulate complex oxide containing titanium oxide 

55 having a BET specific surface area of 5 to 200 rr^/g can be produced by a one-stage reaction. 

[0026] In the process for producing an ultrafine particulate complex oxide containing titanium oxide of the present 
invention, the oxidizing gas is oxygen, water vapor or a mixed gas thereof. 

[0027] In the present invention, the starting material gas containing titanium tetrachloride and the oxidizing gas each 
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must be preheated at a temperature of at least 700°C or more, preferably 900°C or more, before the reaction. If the 
preheating temperature of the starting material gas containing titanium tetrachloride and the oxidizing gas is less than 
700°C ; the reactivity deteriorates in the reaction with a solution or slurry of a salt containing a metallic element, as a 
result, ultrafine particles are difficult to form and at the same time, the residual chlorine after dechlorinating increases. 
[0028] In the present invention the starting material gas containing titanium tetrachloride and the oxidizing gas each 
is suitably fed into a reaction tube at a velocity of 1 0 m/sec or more, preferably 30 m/sec or more. These gases are 
preferably reacted to allow the gases to stay and react within the reaction tube under a high -temperature condition in 
excess of 600°C for 1 .0 second or less (hereinafter sometimes referred to as a "high-temperature residence time"). 
[0029] In particular, as a result of extensive investigations on the growing mechanism of particles in a gas phase 
method, the present inventors have found that ultrafine particulate oxide can be obtained preferably by controlling, as 
factors acting on the growth of particles, CVD (chemical vapor deposition) mechanism and the combining/sintering 
growth mechanism due to the collision of particles (by reducing the growing time in either growth). More specifically, 
in the former growth, the preheating temperature is elevated to enhance the chemical reactivity (reaction rate) and 
thereby, the growth of oxide can be suppressed. In the latter growth, after the completion of CVD, the system is swiftly 
subjected to cooling, dilution or the like to reduce the high-temperature residence time as much as possible, whereby 
the growth due to sintering orthe like can be suppressed. By selecting the production conditions as such, an ultrafine 
particulate complex oxide containing titanium oxide, having a BET specific surface area of 5 to 200 m 2 /g, preferably 
from 1 0 to 1 00 m 2 /g, can be obtained. 

[0030] The velocity at the time of introducing the starting material gas containing titanium tetrachloride and the oxi- 
dizing gas into a reaction tube is preferably 1 0 m/sec or more, because by increasing the velocity, the mixing of two 
gases is accelerated. When the temperature at the introduction of gases into a reaction tube is 700°C or more, the 
reaction is completed simultaneously with the mixing and therefore, the generation of uniform nuclei is encouraged 
and at the same time, the zone of causing formation of particles grown under CVD control can be shortened. 
[0031] In the present invention, the starting material is preferably introduced into a reaction tube so that the gases 
introduced into the reaction tube can be thoroughly mixed. As long as the gases are thoroughly mixed, the fluid state 
of gases within the reaction tube is not particularly limited but, for example, a fluid state of causing turbulence is pre- 
ferred. A vortex flow may also be present. 

[0032] There is a method, for example, of increasing the velocity in order to introduce sufficiently the starting material 
gas mixed in a fluid state of causing turbulence or in a state of causing a vortex flow. Usually, a vortex flow occurs 
when the velocity is more than 30 m/sec. 

[0033] In the present invention, the starting material gas and an oxidizing gas fed into the reaction tube preferably 
flow at a higher rate so as to perform a complete mixing of the gases. Particularly, the average velocity is preferably 5 
m/sec or more. When the gases flow at a velocity of 5 m/sec or more within the reaction tube, the gases can be 
satisfactorily mixed within the reaction tube. 

[0034] The inlet nozzle for introducing the starting material gas into the reaction tube may be a nozzle of giving 
coaxial parallel flow, oblique flow, cross flow or the like but the present invention is not limited thereto. In general, the 
coaxial parallel-flow nozzle is inferior in the mixing degree to the nozzle of giving oblique flow or cross flow but is 
preferably used in view of the design because of its simple structure. For example, in the case of a coaxial parallel- 
flow nozzle, the starting material gas containing a titanium tetrachloride is introduced into the inner tube and the oxi- 
dizing gas is introduced into the outer tube. In view of the mixing of gases, the inner diameter is preferably 50 mm or 
less, more preferably from 1 0 to 50 mm. 

[0035] Salts containing a metallic element are reacted with the above mentioned starting material gas and an oxi- 
dizing gas in the present invention. 

[0036] A metallic element is elements shown in Table 1 . The metallic element is preferably a transition metallic ele- 
ment, an alkaline earth metal, an alkali metal element or a metal of Group 1Mb or IVb. 
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[0037] The salt containing a metallic element may be at least one freely selected from a hydroxide, a halide, a nitrate, 
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a sulfate, a carbonate and an organic acid salt of the above-mentioned metal elements. 

[0038] The salt containing a metallic element may be fed into a reactor in the solution or slurry state but is preferably 
fed in the solution state. 

[0039] The solvent of a solution or a slurry is preferably a solvent having a boiling point of 40°C or more at an 
5 atmospheric pressure. Specific examples thereof include water, methanol, ethanol, propanol, 2-propanol, 1-butanol, 
2-butanol, acetone, methyl ethyl ketone, dibutyl ether, N,N-dimethylformamide, dimethyl sulfoxide, formic acid, acetic 
acid, ethyl acetate, benzene, toluene, hexane and octane. Among these, in view of polarity and handleability, water is 
preferred. If the boiling point is less than 40°C, the solvent may be evaporated within the feeding nozzle and this is not 
preferred. 

io [0040] The solution or slurry may be fed at a position upstream from the point of initiating the reaction of the starting 
material gas containing titanium tetrachloride with the oxidizing gas or may be fed between the point of initiating the 
reaction of the starting material gas containing titanium tetrachloride with the oxidizing gas and the position 200 mm 
downstream from the point, according to the flowing direction. If the feeding point is more downstream, the additive 
distribution in the produced oxide disadvantageously becomes non-uniform. 

15 [0041] The solution or slurry may also be fed by the dropwise addition or atomization to the reaction mixture of the 
starting material gas containing titanium tetrachloride and the oxidizing gas. In view of uniform mixing, the solution or 
slurry is preferably fed in the atomized state. 

[0042] The reaction within the reaction tube is an exothermic reaction. If the reaction temperature is higher than the 
sintering temperature of the produced ultrafine particulate complex oxide containing titanium oxide, unless the produced 

20 fine particles are rapidly cooled, sintering thereof proceeds to give grown particles. The reaction temperature is also 
preferably 600°C or more. If the reaction temperature is less than this range, the reactivity is bad, the addition yield of 
metal is low and fine particles are difficult to form. In the present invention, it is preferred that the preheating temperature 
of starting material gas and the amount of solution or slurry of the metal added are adjusted, the reaction temperature 
is set to 600°C or more, the high-temperature residence time in excess of 600°C within the reaction tube is set to 1 .0 

25 second or less, and the particles after the reaction are rapidly cooled. 

[0043] For rapidly cooling the particles after the reaction, a method of introducing a large amount of cooling air or 
gas such as nitrogen into the mixture after the reaction or a method of spraying water thereon may be used. 
[0044] Fig. 1 is a schematic view roughly showing an example of a reaction tube with a coaxial parallel-flow nozzle 
for use in the production of an ultrafine particulate composite oxide of the present invention. The starting material gas 

30 containing titanium tetrachloride is pre-heated to a predetermined temperature by a preheating unit 2 and introduced 
into the reaction tube 4 through the inner tube of a coaxial parallel-flow nozzle 1 . The oxidizing gas is preheated to a 
predetermined temperature by the preheating unit 2 and introduced into the reaction tube 4 through the outer tube of 
the coaxial parallel-flow nozzle 1 . The salt solution or slurry containing a metallic element is introduced into the reaction 
mixture of the titanium tetrachloride and the oxidizing gas from the outside of the nozzle through an inlet nozzle 3. The 

35 gases and the salt solution or slurry containing a metallic element introduced into the reaction tube are mixed, reacted, 
rapidly cooled by a cooling gas and thereafter, transferred to a bag filter 5 where the ultrafine particulate complex oxide 
is collected. A dechlorinating treatment was performed by heating the collected particles in an oven at 300 to 600 °C 
for a half an hour to 4 hours in an air atmosphere. 

[0045] The starting material gas containing titanium tetrachloride may be used in the form of a 100 vol% titanium 
40 tetrachloride gas as it is but is preferably charged after diluting it with an inert gas to a concentration of 1 0 to less than 
1 00 vol%, preferably from 20 to less than 1 00 vol%. By using a gas of 1 0 vol% or more as a starting material, generation 
of uniform nuclei increases and the reactivity is enhanced. The inert gas is selected from those which are not reactive 
with titanium tetrachloride and not oxidized. To speak specifically, the diluting gas is preferably nitrogen, argon or the 
like. 

45 [0046] The ultrafine particulate complex oxide obtained by the production process of the present invention is de- 
scribed below. The average primary particle size of the ultrafine particulate complex oxide of the present invention is 
from 0.008 to 0.3 ujti, preferably from 0.015 to 0.15 ujti. 

[0047] As an index (the evaluation method is described later) for sintering resistance of the ultrafine particulate 
complex oxide, the decrease ratio of BET specific surface area after the heating is evaluated, as a result, the decrease 
so ratio of BET specific surface area of the fine particulate complex oxide containing a titanium-oxygen -metal bond is 
20% or less after the heating at 700°C for 1 hour. 

[0048] The ultrafine particulate complex oxide obtained by the production process of the present invention may take 
a core/shell structure preferably having a dissimilar metal oxide crystal structure. For example, in the case of a titanium- 
metal ultrafine particulate complex oxide containing a mixed crystal state where a titanium-oxygen-dissimilar metal 
55 bond is present within the primary particle, a structure such that a Ti0 2 phase is rich in the core and a dissimilar metal 
oxide phase is rich in the shell is observed. 

[0049] The ultrafine particulate complex oxide of the present invention can be singly used for a pigment or a dielectric 
starting material or as a composition containing the complex oxide, used for various compositions and products such 
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as cosmetic, cloth, ultraviolet-shielding agent, abrasive, silicon rubber or paper. The ultrafine particulate complex oxide 
of the present invention can also be used as a photocatalytic powder material controlled in the photocataiytic effect. 

Best Mode for Carrying Out The Invention 

5 

[0050] The present invention is described in greater detail below by referring to the Examples, however, the present 
invention is not limited to these examples. 

[Evaluation of Sintering Resistance] 

10 

[0051] The decrease ratio of BET specific surface area after heating is employed as an index for evaluating sintering 
resistance of the ultrafine particulate complex oxide of the present invention. 

[0052] In an alumina-made crucible, 1 g of a starting powder material was charged and in a Siliconit oven, heated 
at 700°C for 1 hour. After cooling to room temperature, the BET specific surface area was measured. Assuming that 
'5 the BET specific surface area of the starting powder material is B1 (m 2 /g) and the BET specific surface area after the 
heating is B2 (m 2 /g), 

Decrease ratio of BET specific surface area = 

20 

{1-(B2/B1)}>:100 (%) 

As the decrease ratio of BET specific surface area is smaller, the sintering resistance is judged higher. 

25 (Evaluation of Mixed Crystal State) 

[0053] In the present invention, XPS (X-ray photoelectron spectroscopy) is employed for confirming the mixed crystal - 
state. The details thereon are described in A. Yu. Stakheev et a!., J. Phys. Chem. , 97(21), 5668-5672 (1993), and the 
like. 

30 

Example 1 

[0054] A reaction tube shown in Fig. 1 whose inner tube of a coaxial parallel-flow nozzle had a diameter of 20 mm 
was used. 11 .8 Nm 3 /hr (N means a standard state : hereinafter the same) of gaseous titanium tetrachloride in a con- 

35 centration of 100 vol% and a mixed gas containing 8 Nm 3 /hr of oxygen and 20 Nm 3 /hr of water vapor were preheated 
to 1 ,100°C and 1,000°C, respectively, and then titanium tetrachloride was introduced into the inner tube of a coaxial 
parallel-flow nozzle and a mixed gas containing oxygen and water vapor was introduced into the outer tube at velocities 
of 53 m/sec and 50 m/sec, respectively. At this time, 3.7 kg/hr of an aqueous 20% zirconium oxychloride solution was 
sprayed from the outer circumferential part of the coaxial parallel-flow nozzle. 

40 [0055] The inside velocity at a reaction temperature of 900°C within the reaction tube was 10 m/sec as calculated. 
For controlling the high-temperature residence time within the reaction tube to 0.8 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
500°C for 1 hour in an air atmosphere. 

45 [0056] The thus-obtained titanium oxide had a BET specific surface area of 22 m 2 /g and an average primary particle 
size of 0.08 u.m, and 0.8% of zirconium was detected. By XPS, a titanium-oxygen-zirconium bond was recognized. 
[0057] The decrease ratio of BET specific surface area (hereinafter referred to as AB) after 700°C for 1 hour heating 
was 12%. 

so Example 2 

[0058] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 20 mm, a starting material gas containing titanium tetrachloride obtained by mixing 10.6 Nm 3 /hr of gaseous titanium 
tetrachloride and 6.0 Nm 3 /hr of nitrogen and a mixed gas containing 8 Nm 3 /hr of oxygen and 30 Nm 3 /hr of water vapor 
55 were preheated to 1 ,100°Cand 1 ,100°C, respectively, and then the gas containing titanium tetrachloride was introduced 
into the inner tube of the coaxial parallel-flow nozzle and a mixed gas containing oxygen and water vapor was introduced 
into the outer tube at velocities of 74 m/sec and 66 m/sec, respectively. At this time, 7.1 kg/hr of an aqueous 20% 
chromium trichloride solution was sprayed from the outer circumferential part of the coaxial parallel-flow nozzle. 
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[0059] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
For controlling the high -temperature residence time within the reaction tube to 0.9 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
5 500°C for 1 hour in an air atmosphere. 

[0060] The thus-obtained titanium oxide had a BET specific surface area of 34 m 2 /g and an average primary particle 
size of 0.04 u^m, and 1 .1% of chromium was detected. By XPS, a titanium-oxygen-chromium bond was recognized. 
The AB was 10%. 

10 Example 3 

[0061] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 24 mm, a starting material gas containing titanium tetrachloride obtained by mixing 1 0.6 Nm 3 /hr of gaseous titanium 
tetrachloride and 10.0 Nm 3 /hr of nitrogen and a mixed gas containing 8 Nm 3 /hr of oxygen and 30 Nm 3 /hr of water 
15 vapor were preheated to 1 ,050°C and 1 ,100°C, respectively, and then the gas containing titanium tetrachloride was 
introduced into the inner tube of the coaxial parallel-flow nozzle and a mixed gas containing oxygen and water vapor 
was introduced into the outer tube at velocities of 64 m/sec and 36 m/sec, respectively. At this time, 6.5 kg/hr of an 
aqueous 20% magnesium nitrate solution was sprayed from the outer circumferential part of the coaxial parallel-flow 
nozzle. 

20 [0062] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
For controlling the high-temperature residence time within the reaction tube to 0.9 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
500°C for 1 hour in an air atmosphere. 

25 [0063] The thus-obtained titanium oxide had a BET specific surface area of 40 m 2 /g and an average primary particle 
size of 0.04 fxm, and 0.5% of magnesium was detected. By XPS ? a titanium-oxygen-magnesium bond was recognized. 
The AB was 1 3%. 

Comparative Example 1 

30 

[0064] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 20 mm, 1 1 .8 Nm 3 /hr of gaseous titanium tetrachloride in a concentration of 1 00 vol% and a mixed gas containing 8 
Nm 3 /hrof oxygen and 20 Nm 3 /hr of water vapor were preheated to 1 ,000°C and 900°C, respectively, and then gaseous 
titanium tetrachloride was introduced into the inner tube of the coaxial parallel-flow nozzle and a mixed gas containing 

■35 oxygen and water vapor was introduced into the outer tube at velocities of 49 m/sec and 50 m/sec, respectively. 

[0065] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
For controlling the high-temperature residence time within the reaction tube to 0.8 seconds or less, a cooling air was 
introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 

40 500°C for 1 hour in an air atmosphere. 

[0066] The thus-obtained titanium oxide had a BET specific surface area of 20 m 2 /g and an average primary particle 
size of 0.08 u,m. The AB was 35% and this reveals that the sintering readily occurs as compared with the titanium oxide 
having similar specific surface area and particle size of Example 1. 

45 Comparative Example 2 

[0067] By using a reaction tube shown in Fig. 1 whose inner tube of the coaxial parallel-flow nozzle had a diameter 
of 20 mm, a starting material gas containing titanium tetrachloride obtained by mixing 1 0.6 NnrvVhr of gaseous titanium 
tetrachloride and 6.0 NrrvVhr of nitrogen and a mixed gas containing 8 Nm 3 /hr of oxygen and 30 Nm 3 /hr of water vapor 
so were preheated to 1 ,000° C and 800° C, respectively, and then the gas containing titanium tetrachloride was introduced 
into the innertube of the coaxial parallel-flow nozzle and a mixed gas containing oxygen and water vapor was introduced 
into the outer tube at velocities of 68 m/sec and 51 m/sec, respectively. 

[0068] The inside velocity at a reaction temperature of 1 ,000°C within the reaction tube was 1 0 m/sec as calculated. 
For controlling the high-temperature residence time within the reaction tube to 0.9 seconds or less, a cooling air was 
55 introduced into the reaction tube after the reaction and then, the produced powder material was collected using a 
Teflon-made bag filter. Thereafter, a dechlorinating treatment was performed by heating the particles in an oven at 
500°C for 1 hour in an air atmosphere. 

[0069] The thus-obtained titanium oxide had a BET specific surface area of 36 m 2 /g and an average primary particle 
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size of 0.04 urn. The AB was 39% and this reveals that sintering readily occurs as compared with the titanium oxide 
having similar specific surface area and particle size of Example 2. 

Industrial Applicability 

5 

[0070] According to the present invention, the starting material gas containing titanium tetrachloride and the oxidizing 
gas are each pre-heated to 700°C or more and reacted with a solution or slurry of a salt containing a metallic element, 
whereby an ultrafine particulate complex oxide containing titanium oxide having excellent sintering resistance and a 
BET specific surface area of 5 to 200 m 2 /g and containing primary particles in a mixed crystal state can be obtained 

10 by a one-stage reaction. 

[0071] According to the production process of the present invention, the cracking step and the like can be dispensed 
with or even if required, the load of equipment is very small, thus, practically valuable ultrafine particulate complex 
oxide containing titanium oxide can be produced very easy and simple and industrially advantageously. Furthermore, 
according to the method of the present invention, the ultrafine particulate complex oxide whose sintering property or 

15 photoactivity are suppressed or controlled can be obtained. 



Claims 

20 1. A process for producing ultrafine particulate complex oxide containing titanium oxide, comprising vapor-phase 
producing a complex oxide containing titanium oxide having a BET specific surface area of 5 to 200 m 2 /g, wherein 
a starting material gas containing titanium tetrachloride and an oxidizing gas, each gas being preheated to 700°C 
or more, are reacted with a solution or a slurry of a salt containing a metallic element. 

25 2. The process for producing a complex oxide containing titanium oxide as described in claim 1 above, wherein the 
complex oxide contains a titanium-oxide-metallic element bond. 

3. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 

30 a nitrate, a sulfate, a carbonate and an organic acid salt each containing a transition metallic element. 

4. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkaline earth metal. 

35 

5. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2, wherein the salt 
containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, a 
nitrate, a sulfate, a carbonate and an organic acid salt each containing an alkali metal. 

40 6. The process for producing a complex oxide containing titanium oxide as described in claim 1 or 2 above, wherein 
the salt containing a metallic element is at least one salt selected from the group consisting of a hydroxide, a halide, 
a nitrate, a sulfate, a carbonate and an organic acid salt each containing a metal of Group 1Mb or IVb. 

7. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 6 
45 above, wherein the solvent of the solution or slurry having a boiling point of 40°C or more at an atmospheric 

pressure is used. 

8. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 7 
above, wherein the solution or slurry is fed at a position upstream from the point of initiating the reaction of the 

50 starting material gas containing titanium tetrachloride with the oxidizing gas. 

9. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 7 
above, wherein the solution or slurry is fed between the point of initiating the reaction of the starting material gas 
containing titanium tetrachloride with the oxidizing gas and the position 200 mm downstream from the point. 



55 



10. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 9, 
wherein the solution or slurry is fed in the atomized state. 



10 
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11. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 10 
above, wherein the reaction is performed by feeding the starting material gas containing titanium tetrachloride and 
the oxidizing gas ; each gas being preheated at 700°C or more., to a reaction tube each at a velocity of 10 rn/sec 
or more. 

12. The process for producing a complex oxide containing titanium oxide as described in claim 1 1 above, wherein the 
reaction is performed by allowing the starting material gas containing titanium tetrachloride and the oxidizing gas 
to stay in the reaction tube under a temperature condition such that the temperature within the reaction tube ex- 
ceeds 600°C, for a time period of 1 .0 second or less. 

1 3. The process for producing a complex oxide containing titanium oxide as described in claim 11 or 1 2 above, wherein 
the average velocity of the starting material gas within.the reaction tube is 5 m/sec or more. 

14. The process for producing a complex oxide containing titanium oxide as described in any one of claim 11 to 13 
15 above, wherein a turbulence is generated upon feeding of the starting material gas containing titanium tetrachloride 

and the oxidizing gas, each gas being preheated, into the reaction tube. 

15. The process for producing a complex oxide containing titanium oxide as described in any one of claims 11 to 14 
above, wherein the starting material gas containing titanium tetrachloride and the oxidizing gas are fed into the 

20 reaction tube through a coaxial parallel-flow nozzle and the inner tube of the coaxial parallel-flow nozzle has an 

inside diameter of 50 mm or less. 

16. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 15, 
wherein as the starting material gas containing titanium tetrachloride, gaseous titanium tetrachloride and a gas 

25 containing 10 vol% or more of titanium tetrachloride diluted by an inert gas are used. 

17. The process for producing a complex oxide containing titanium oxide as described in any one of claims 1 to 16 
above, wherein the starting material gas containing titanium tetrachloride and the oxidizing gas each is preheated 
at 1 ,000°C or more. 

30 

18. An ultrafine particulate complex oxide containing titanium oxide, which is produced by the production process as 
described in any one of claims 1 to 17 above. 

19. An ultrafine particulate complex oxide containing titanium oxide, which is an ultrafine particulate complex oxide 
35 having a BET specific surface area of 5 to 200 m 2 /g. 

20. An ultrafine particulate complex oxide containing titanium oxide as described in claim 19, which is in the mixed 
crystal state of allowing a titanium-oxide-metallic element bond to be present within a primary particle 

40 21 . An ultrafine particulate complex oxide containing titanium oxide as described in any one of claims 1 8 to 20 above, 
wherein the average primary particle size is from 0.008 to 0.3 jxm. 

22. An ultrafine particulate complex oxide containing titanium oxide as described in any one of claims 1 8 to 21 , wherein 
the decrease ratio of the BET specific surface area after heating at 700°C for 1 hour is 20% or less. 



45 



50 



23. A composition comprising one ultrafine particulate complex oxide, which contains ultrafine particulate complex 
oxide containing titanium oxide as described in any one of claims 18 to 22 above. 
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